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SUMMARY 


A summary  of  the  problem  of  spacecraft 
charging  by  the  ambient  space  plasma  environ- 
ment is  presented.  Some  results  of  the  Air 
Force/NASA  spacecraft  charging  technology 
investigation  are  highlighted.  Details  of  an 
Air  Force/NASA  spacecraft-environment 
interactions  technology  investigation  are  pre- 
sented. This  investigation  will  develop  an 
environmental  technology  base  for  application 
to  the  development  of  next -gene ration  large 
dimension,  high  power  spacecraft. 

IN’T  RODUCTION 

Manx  important  Air  Force  systems  --  for 
communications,  for  surveillance,  for  navi- 
gation --  are  satellite-based,  and  most  of 
these  are  in  geosynchronous  orbit  for  maximum 
efficiency.  At  the  altitude  of  geosynchronous 
satellites  (about  42,100  km  or  6.6  earth  radii), 
a satellite  is  far  above  the  density  variations 
of  the  sensible  atmosphere,  or  the  fluctuations 
of  the  ionosphere.  Nevertheless,  there  are 
still  pin  sical  processes  and  coupling  mecha- 
nisms t hat  involve  the  space  radiation  en- 
vironment, space  plasmas,  and  electric  and 
magnetic  fields  in  space  that  can  interact  with 
the  satellite  and  disturb  its  operation.  Gco- 
ph\ sical  researchers  have  already  constructed 
first-order  models  of  the  plasmas,  particles, 
and  fields  in  space,  and  there  is  ongoing  RkD 
aimed  at  updating  and  improving  the  accuracy 
of  these  models.  Still  there  is  much  we  do  not 
yet  know  about  these  processes.  One  of  the 
processes  which  is  receiving  considerable 
attention  is  the  phenomena  of  spacecraft 
charging  and  its  effect  on  satellite  systems 
reliabilitv.  In  this  paper,  I will  describe  the 
phenomena  of  spacecraft  charging  and  some  of 
the  n suits  from  the  RkD  investigation  di- 
rected at  solving  the  satellite  charging  prob- 
lem. In  addition,  environmental  technology 
gaps  which  should  be  investigated  prior  to 
development  of  next  generation  spacecraft 
will  be  discussed.  These  spacecraft  are 
envisioned  to  be  physically  large  in  dimen- 
sions, to  use  high  operating  power  levels,  and 
to  perform  in  space  as  computers.  Because 
of  these  system  characteristics,  new  physical 
processes  in  the  environment  will  likely 


become  important  in  systems  engineering. 
BACKGROUND 

In  I ‘>66,  scientific  data  from  NASA's 
ATS-n  satellite  suggested  that  on  occasion  the 
vehicle  was  charged  negatively  to  thousands 
of  volts  by  the  space  plasma  environment.  I 
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Fig.  1.  Average  eclipse  potentials 
observed  on  ATS-S  (1969-1972)  ant)  ,)n  ATS-t> 
(1976)  are  plotted  versus  Kp,  the  geomagnetic 
activity  index. 
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The  ATS-5  particle  spectra  revealed  that  the 
lou  energy  positive  ion  (electron)  population 
is  accelerated  if  the  satellite  is  negatively 
(positively)cha rged  with  respect  to  the  ambient 
plasma.  This  produced  a sharp  cutoff  in  the 
particle  spectra  immediately  below  the  energy 
channel  corresponding  to  the  satellite's  poten- 
tial. Figure  1,  derived  from  the  ATS-5 
particle  spectra,  is  a plot  of  inferred  ATS-5 
voltages,  recorded  during  eclipse,  versus  Kp, 
the  geomagnetic  activity  index.  2 From 
Figure  1,  the  eclipse  potential  is  seen  to  be- 
come increasingly  negative  as  geomagnetic 
activity  increases. 

In  1971,  Air  Force  satellites  operating  at 
geosynchronous  altitudes  began  to  display 
operating  anomalies  which  included;-^  gain 
control  logic  switching,  thermal  control 
degradation,  sensor  data  noise,  erroneous 
operation  of  attitude  control  switching,  and 
power  systems  failure.  Since  that  time, 
many  hundreds  of  operating  anomalies  have 


occurred,  and  some  of  these  are  very  likely 
due  to  the  environment.  In  1976,  harness 
noise  detectors  were  flown  on  the  Communi- 
cations Technology  Satellite  and,  in  1978,  on 
the  Orbital  Test  Satellite  to  look  for  the 
occurrence  of  voltage  transients  produced  by 
spacecraft  discharges.^  The  occurrence  of 
transients  in  spacecraft  harnesses  appears  to 
occur  randomly  in  local  time.  The  existence 
of  multiple  pulse  transients  in  the  harnesses 
indicates  that  discharges  on  spacecraft  may 
often  take  the  form  of  many  small  discharges 
rather  than  a single,  large  discharge. 

THE  PROBLEM 

The  phenomena  of  spacecraft  charging 
involves  the  complex  interaction  between  a 
satellite  and  the  space  plasma  environment. 
Figure  2 depicts  this  interaction.  During  a 
magnetosplieric  substorm,  the  ambient 
electron  and  ion  temperature  at  geosyn- 
chronous altitudes  increase  by  about  a factor 
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Fit.  The  factors  which  influence  the  absolute  and  differential  rhar»*ini»  of  a spacecraft 
are  shown  schematically. 
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of  4 for  periods  of  1 to  2 hours.  When  sub- 
storms  occur,  satellites,  wrapped  in  their 
thermal  insulation  blanket,  become  essentially 
capacitors  immersed  in  a high  temperature 
plasma.  Secondary  emission  from  electrons 
and  ions,  photoelectron  emission,  and  the 
ambient  thermal  plasma  all  contribute  to  the 
satellite's  net  potential.  Anisotropies  in  the 
plasma  sheath,  created  by  spin,  velocity,  and 
shadowing,  complicate  the  interaction  and 
influence  the  charge  balance.  Shadowing  of  the 
spacecraft  by  the  sun  allows  a high  negative 
differential  potential  to  develop  between  the 
dark  side  of  the  spacecraft  and  the  sunlit  side 
which  has  a potential  near  zero.  When  suf- 
ficient voltage  stresses  occur,  current  dis- 
charges can  follow  which  prcduce  electromag- 
netic interference  (EMI).  The  EMI  could  cause 
the  circuit  upsets  that  have  been  observed. 


the  earth  in  the  earth's  magnetic  tail,  and  the 
polar  cusp,  located  on  the  dayside  of  the  earth, 
The  polar  cusp  is  the  region  through  which 
thermalized  solar  wind  plasma  penetrates 
down  to  the  100  km  height  level  near  the  mag- 
netic poles  of  the  earth.  The  plasma  sheet 
region  on  the  r.ightside  of  the  earth  is  the 
operating  environment  for  geosynchronous 
satellites  for  about  12  hours  each  day.  Most 
of  the  operating  anomalies  experienced  by 
satellites,  that  may  be  attributed  to  spacecraft 
charging,  have  occurred  when  spacecraft  were 
in  the  plasmasheet. 


AFSC/NASA  SPACECRAFT  CHARGING 
INVESTIGATION 


Technology  involving  spacecraft  charging 
is  one  of  the  many  interdependent  research 
areas  in  aeronautics  and  astronautics  that  are 
coordinated  by  the  Air  Force  Systems  Command 
(AFSC)  and  NASA  Space  Research  and  Tech- 
nology Review  Group.  NASA  and  DOD  strive 
to  identify  these  common  technical  problems 


■ earth's  magnetosphere  in 
charging  is  likely  to  occur 
ure  3.  These  regions  include 
located  on  the  nightside  of 


i-.s  section  of  the  earth's  magnetosphere  shows  the  pri 
and  some  of  the  geomagnetic  lines  of  forces. 


neipal  plasma  regions 


and  then  assign  agency  responsibility  for  pro- 
viding the  required  technology.  Spacecraft 
charging  is  a five  year  investigation  between 
AFSC’s  Director  of  Laboratories  and  NASA's 
Office  of  Aeronautics  and  Space  Technology. 

A steering  committee  incorporates  NASA  and 
DOD  requirements  into  the  investigation.  Each 
technology  element  of  the  investigation  is 
assigned  to  either  NASA  or  the  Air  Force 
with  well  defined  accountability.  Contractual 
and  in-house  efforts  are  working  on  this 
investigation.  The  goal  of  the  spacecraft 
charging  technology  investigation  is  to  protect 
our  satellites  from  the  harmful  effects  of  high 
voltage  are  discharges.  The  objectives  of  the 
investigation  are  to  develop  the  design  Crite- 
ria, techniques,  and  test  methods  to  ensure 
control  of  absolute  and  differential  charging 
of  spacecraft  surfaces.  Technology  elements 
of  the  investigation  include:  1)  a definition  and 
spei  ification  of  the  space  environment  which 
induces  the  charging;  2)  the  development  of 
analvtical  tools  to  model  the  interactions  be  - 
tween  the  environment  and  the  spacecraft 
surfaces;  3)  the  development  of  ground  facili- 
ties to  conduct  materials  and  systems  evalua- 
tions; 4)  the  development  of  new  or  modified 
spacecraft  materials  for  charge  control;  and 
-)  the  analysis  and  interpretation  of  flight 
data  in  order  to  validate  results  of  the  analyt- 
ical tools  and  to  calibrate  ground  facilities. 

The  status  of  the  spacecraft  charging  tech- 
nology base  will  be  summarized  in  the  next 
sections  of  the  paper. 

Environmental  Model 


At  the  Air  Force  Geophysics  Laboratory, 
a statistical  model  of  the  geosynchronous 
plasma  environment’*^  has  been  developed 
from  data  recorded  by  the  University  of  Cali- 
fornia at  San  Diego  plasma  experiment  on  the 
ATS-1*  and  t>  satellites.  The  ATS-5  and  6 data 
consists  of  differential  count  rates  as  a 
function  of  time.  The  count  rates  were  con- 
verted to  differential  flux  spectra  from  which 
tin-  temperature  and  currents  were  determined. 
The  environmental  model  has  been  developed 
so  that  it  could  be  applied  to  calculations  of 
spacecraft  potential. 

Data  analysis  indicated  that  the  geosyn- 
chronous plasma  environment  is,  at  the  very 
least,  composed  of  a two  component  Max- 
wellian plasma.  In  the  environmental  model, 
the  plasma  distribution  is  assumed  to  be  Max- 
wellian and  isotropic.  This  was  done  to 


reduce  the  number  of  parameters  required  to 
characterize  the  plasma.  For  a Maxwellian 
particle  distribution,  the  four  moments  of  the 
distribution  function  are: 


<Ni> 

= number  density  for 

species  i (number/cm^) 

<NFi> 

= number  flux  for 

species  i (number/cm^sec-sr) 

<ENi> 

= energy  density  for 

species  i (ev/cm^l 

<ef4> 

= energy  flux  for 

species  i (ev/cm  sec-sr) 

In  Figure  4 toe  actual  electron  distribution 
function,  the  Maxwellian  fit,  and  the  two  Max- 
wellian fit  are  plotted.  Neither  exactly  fits 
the  distribution  function  but,  of  the  two 
approximations,  the  two  Maxwellian  fit  gives  a 
much  better  representation  of  the  actual  dis- 
tribution function. 


Fig.  4.  Actual  Maxwellian  fit  and  2 Max- 
wellian fit  distribution  functions  for  electrons 
measured  from  ATS-5. 


For  a single  Maxwellian  plasma,  the 
temperature  T(AVG)  and  T(RMS)  are  equal. 

That  is: 


T.  (AVG)  = _L 

<E!!*>  . r, 

<N,> 

M) 

4 3 

Ti  (RMS)  = 

<EFI>.  T, 

<?n>  1 

(2) 

Ti  (AVG)  = Ti  (RMS) 

(3) 
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If,  however,  the  plasma  consists  of  two  or  more 
components  such  as  found  at  geosynchronous 
orbit,  then; 


T:  (A VC)  = J. 

3 <Nt> 

= Nli  TIi  * N2i  T2i 

NU  + N2i 

T,  (RMS)  = J_ 

i <nfT> 


(4) 


(5) 


3/2  3/2 

= Nli  Tli  + N2i  T2i 

N t l/“  + N t"  lU 

Nli  Tli  + N2i  T2i 


So  that  in  general: 

T,  (AVG)  £ Tj  (RMS)  (6) 


Tins  represents  a serious  dilemma  in  defining 
the  temperature.  A definition  in  terms  of  Ni, 
N2.  Tj,  and  T>  is  to  be  preferred  over  T(AVG) 
and  T (RMS.  Technically,  T(AVG)  is  the 
preferred  definition  if  a single  temperature  is 
desired.  For  use  in  spacecraft  potential  cal- 
culation, it  does  not  necessarily  give  the  best 
estimate  of  the  potential  for  which  T(R.MS)  may 
be  the  more  conservative  estimate.  Their 
difference  is  a measure  of  the  deviation  of  the 
plasma  from  a single  Maxwellian.  Although 
T (AVGI  and  T(RMS)  do  not  provide  an  accu- 
rate description  of  the  plasma,  they  are  one 
approach  to  defining  the  environment. 


The  current  to  the  spacecraft  (actually  the 
current  per  unit  area)  is  the  other  quantity 
most  often  required  for  potental  calculations. 
The  current,  Jj,  can  bo  derived  directly  from 
the  4 moments.  ® 


f. 


"n  f d ^ V = 


= /T  qi  < NFj  y 


(7) 

(«) 


w he  re 

n = unit  normal  to  area 

q,  = charge  on  species  (coulombs) 

Ji  - current  per  unit  area  (amps/cm^) 

This  assumes  the  particle  flux  to  be  omni- 
directional. If,  as  is  observed  on  occasion. 
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tho  plasma  flux  is  directional,  then  the  inte- 
gral of  equation  7 would  not  be  Tf"  q < NF,  ) 
(observations  indicate  a correction  factor  on 
the  order  of  unity)  - a factor  that  should  be 
taken  into  account  in  considering  these  results. 

For  the  environmental  model,  the  ATS-5 
and  6 differential  energy  flux  has  been  inte- 
grated to  give  the  four  moments  which  were 
averaged  over  10  minute  intervals.  The  ATS-5 
data  for  the  parallel  and  perpendicular 
detectors  were  averaged  together.  This  data 
base  of  approximately  50  days  of  ATS-5  and 
ATS-0  plasma  data  form  the  model.  T(AVG) 
and  T(RMS)  were  calculated  from  these  data. 
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Fig.  5.  Statistics  of  the  ATS-5  and  6 
electron  and  ion  temperature  and  the 
current  density. 


Figure  5 shows  the  occurrence  frequencies  of 
various  values  of  T(AVG),  T(RMS),  and  cur- 
rent for  electrons  and  ions  from  ATS-5  and 
ATS-<>.  The  distributions  in  Figure  5 can  be 
described  in  terms  of  standard  statistical 
distributions  for  data  randomly  distributed 
around  some  mean  (i.e.,  either  a Poisson  or 
Gaussian  distribution).  Table  1 lists  approxi- 
mate averages  and  standard  deviations  for  each 
distribution. 


The  most  significant  feature  of  Figure  5 is 
the  approximate  factor  of  2 increase  between 
T(AVG)  and  T(RMS).  This  can  be  interpreted 
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T(AVG)  in  eV 

T (RMS)  in  eV 

J in  n A/cm^ 

Electrons  ATS-5 

1500* 

3480  + 2070 

. 045* 

ATS-6 

2290  + 1800 

5640  + 2700 

. 08* 

Ions  ATS-5 

5030  + 2010 

8750  + 1860 

0.0043  + 0.0021 

ATS-6 

7880  + 4900 

16000  + 3400 

0.0026  + 0.0012 

l -•'WB 

* Rased  on  an  exponential  probability  distribution  where  P (x)  = -g-  e , B 

given  in  Table. 


Table  1.  Average  and  Standard  Deviations  for  T(AVG),  T(RMS),  and  the  Current  for  the 
Geosynchronous  Electron  and  Ion  Plasma  Populations  Measured  by  ATS-5  and  ATS-6.  The 
ATS-b  data  are  provisional. 


in  terms  of  Tl  and  T2  if  we  assume  the  plasma 
to  consist  of  two  separate  components. 

ATS-?'  mean  values  of  Nj,  T|,  N2»  and  T2  for 
the  electrons  and  ions  were  put  into  Equations 
4 and  <<  to  calculate  T(AVG)  and  T(RMS): 


These  results  are  in  agreement  with  Table 
1 and  offer  a clear  example  of  the  effect  that 
two  or  more  plasma  populations  have  in 
limiting  the  usefulness  of  a definition  of  the 
pla  sma  in  terms  of  a single  Maxwellian  distri- 
bution. Another  obvious  feature  is  the  near- 
doubling  of  the  electron  and  ion  temperatures 
from  1969  and  1970  (ATS-5  data)  to  1974  and 
1976  (ATS-b  data).  The  electron  current  also 
doubles  while  the  ion  current  actually 
decreases  between  ATS-5  and  ATS-6.  It  is 
not  possible  to  say  with  certainty  how  much  of 
this  effect  is  due  to  orbital  differences  between 
ATS-5  and  ATS-6.  It  appears  likely,  however, 
that  a change  in  geomagnetic  activity  between 
the  ATS-5  and  ATS-6  data  is  the  primary  cause. 

NASCAP:  A Satellite  Charging  Analyzer 
Prog  ram 

A theoretical  description  of  the  process  of 


= 0.  8 3 /cm3 
Tj  = 500  eV 
N2  = 0.17/cm2 
T2  = 6000  eV 

Nj  = 0.  5/cm3  ^ 
Ti  = 100  eV 
N'2  = 0.  5 /cm  ^ 

T>  = 9000  eV  J 


T(AVG)  = 1435  eV 
T(RMS)  = 2780  eV 


[ T(AVG)  = 4550  eV 
T(RMS)  = 8150  eV 


spacecraft  charging  by  magnetospheric  sub- 
storm plasmas  has  been  prepared  in  the  form 
of  a computer  code  called  NASCAP^1  (NASA 
Charging  Analyzer  Program).  NASCAP  was 
developed  by  Systems,  Science  and  Software, 
Inc.  under  NASA  and  Air  Force  sponsorship. 
The  NASCAP  code  was  developed  to  compute 
from  Poisson's  equation  the  voltage  distribu- 
tions on  and  around  spacecraft  due  to  the 
charging  environment.  The  NASCAP  code 
performs  a dynamic,  fully  three-dimensional 
simulation  of  electrostatic  charging  processes 
for  an  object  in  space  or  in  a ground  test 
chamber  environment.  In  particular,  the 
code  predicts  surface  potentials  on  spacecraft; 
identifies  high-field  areas  of  possible  dis- 
charge sites;  predicts  response  to  environ- 
mental charge;  predicts  and  interprets  par- 
ticle detector  response  and  assesses  the 
effects  of  particle  emission  from  active  con- 
trol devices.  In  the  code  the  spacecraft  is 
represented  by  a finite  element  method,  each 
element  being  a cube  or  a slice  of  a cube. 
Figure  6 shows  the  SCATHA  satellite  as  repre- 
sented by  the  code.  The  computations  are 
performed  in  nested  meshes,  with  an  inner 
mesh  size  of  16x16x32  cells.  Each  successive 
mesh  has  double  the  mesh  spacing,  and  as 
many  as  seven  meshes  have  been  employed. 

A different  material  may  be  specified  for  each 
element  surface,  so  that  properties  such  as 
secondary  emission,  backscattering,  photo- 
emission and  conductivity  may  be  taken  into 
account  for  each  cell.  Figure  6 is  an  illus- 
tration of  material  specification  for  the 
SCATHA  satellite  surface,  showing  how 
detailed  a representation  for  different 
materials  can  be  obtained.  The  surface  reso- 
lution of  spacecraft  detail  is  about  10  cm. 
Figure  7 shows  a calculation  of  potential  con- 
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Fie.  6.  Cells  with  different  materials  for 
the  SCATHA  satellite.  Booms  are  shown  on 
the  sides  and  the  telemetry  antenna  is  shown 
on  the  top  of  SCATHA. 


tours  in  a vertical  plane  through  the  center  of 
SCATHA  at  1 millisecond  after  the  start  of  a 
substorm.  The  code  calculates  particle  tra- 
jectories in  these  sheath  fields  as  well.  The 
NASCAP  application  to  SCATHA  has  resulted 
in  the  most  advanced  satellite  charging  code 
available.  It  will  be  extensively  employed  in 
the  analysis  of  spacecraft  charging  and  active 
control  of  satellite  systems,  for  studies  of 
contamination,  and  for  the  analysis  of  the 
response  of  particle  detectors  on  mission  and 
scientific  spacec  raft  ( see  Figures). 

Simulation  Facilities 

At  NASA  Lewis  Research  Center,  simu- 
lation facilities  have  been  developed  to  deter- 
mine the  charging  and  discharging  character- 
istics of  insulators  subjected  to  substorm 
fluxes.  7 The  charging  characteristics  of  a 
wide  variety  of  insulators  have  been  cata- 


Fig.  7.  Potential  contours  in  volts  calcu- 
lated for  the  SCATHA  satellite  from  NASCAP. 


logued.  The  discharge  characteristics  are 
currently  being  evaluated  with  the  goal  of 
determining  the  discharge  threshold  and 
energy  content  for  various  insulator  areas  and 
configurations.  These  studies  will  continue 
to  build  toward  a spacecraft  size  configuration 
for  comparison  with  flight  results.  The 
ground  simulation  facilities  have  been  used  to 
obtain  data  to  support  projects  such  as 
SCATHA,  TDRSS,  Jupiter  Orbiter  Probe,  and 
LDEF  experiments. 


depths  within  dielectrics,  several  millimeters 
in  some  situations;  under  these  conditions  we 
can  use  macroscopic  material  properties  to 
calculate  the  internal  fields  and  currents  in 
dielectrics.  The  important  macroscopic  pro- 
perties include  photoconductivity,  radiation 
transport,  radiation  induced  conductivity, 
dark  conduct! vity,  dielectric  constant,  field 
dependent  conductivity,  secondary  emission 
and  field  induced  breakdown.  It  turns  out  that 
bulk  macroscopic  fields  are  likely  to  exceed 
105  V/cm  (by  as  much  as  two  orders  of  mag- 
nitudo)in  many  good  dielectrics  under  electron 
or  photon  irradiation  above  10  keV  per  quanta. 
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Calculations  * and  experiments  indicate 
that  the  probability  for  the  bulk  electric  field 
exceeding  breakdown  potential  is  strongly 
dependent  on  each  one  of  the  properties.  A 
slight  change  in  the  irradiation  spectra,  in 
dielectrics  properties,  or  in  the  dielectric 
geometry  can  strongly  influence  the  electric 
field  magnitude.  The  temporal  history  of  the 
irradiation  spectra  may  also  be  important. 

In  any  case,  large  fields  will  almost  always 
be  present  within  most  spaceborne  dielectrics 
and  the  possibility  of  spontaneous  discharge 
or  externally  triggered  dielectvic  discharge 
is  large. 


1 k*V  Electron  >«*a 
1 aa  Current 
Satellite  *.  *1  keV 

■ • 0.1  ^euee 


NASCAP  calculation  of  an  elec- 
emitted  from  SCATI1A,  impinging 
spacecraft. 
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The  space  stable  silica  fabric  type  thermal 
control  coj! ings  developed  under  AF  Materials 
Laboratory  sponsorship  have  been  found  to 
display  an  inherently  low  susceptibility  to 
charging  in  the  synchronous  orbit  environment. 
These  materials  are  finding  application  on 
PSCS  III. 


Thin,  stable  transparent  conductive  anti- 
static spacecraft  charging  control  coatings 
have  been  developed  suitable  for  application 
to  th<  thermal  blankets,  second  surface 
mirrors,  solar  cell  covers  and  other  dielec- 
tric materials  found  on  the  exterior  surfaces 
of  spacecraft.  These  thin  indium  and  indium- 
tin  ' side  coatings  are  applied  using  vacuum 
deposition  techniques.  The  coatings  are  stable 
in  the  synchronous  orbit  environment.  Coat- 
i ii u optimization  and  development  of  stable 
grounding  techniques  are  now  underway. 
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The  Rome  Air  Development  Center, 

Deputy  for  Electronics  Technology  and  the  AF 
Weapons  Laboratory  are  investigating  charge 
buildup  in  dielectrics  Space  radiation  is  of 
high  enough  energy  to  penetrate  to  significant 


Fig.  9.  Electric  fields  in  teflon  after 
various  irradiation  times  by  10'^  amps  cm 


An  example  of  calculated  electric  fields  is 
shown  in  Figure  9.  These  fields  are  caused 
by  electron  irradiation  of  a . 3 cm  thick  sheet 
of  teflon,  initially  field  free,  by  a continuous 
broad  beam  of  electrons  beginning  at  zero 
seconds.  Lower  energy  electrons  create 
similar  effects,  but  their  space  charge  fields 
are  large  over  smaller  depths. 


cess,  and  to  evaluate  corrective  techniques. 
The  SCATMA  satellite  is  part  of  the  Space  Test 
Program  manged  by  SAMSO.  * * Martin  Mari- 
etta was  the  prime  spacecaft  contractor. 
Launch  was  on  a DELTA  2914  from  the 
Eastern  Test  Range  on  30  January  1979. 
SCATHA  has  an  equatorial  orbit  with  an  apogee 
of  7.  7 earth  radii  and  perigee  of  5.  5 earth 
radii  and  drifts  easterly  at  6 degree/day. 


At  tlie  Air  Force  Weapons  Laboratory,  a 
program  is  directed  at  investigating  the  effects 
of  a s\ stems  generated  electromagnetic  pulse 
on  an  electrically  charged  satellite.  Another 
investigates  the  charge  buildup  on  a satellite, 
which  occurs  after  a high  altitude  detonation, 
and  the  charge  breakdown  processes. 


SCATHA 


Tin'  SCATHA  (Spacecraft  Charging  at  High 
Altitudes)  satellite  (see  Figure  10)  is  an  inte- 
grated  satellite  experiment  that  is  being  used 
to  measure  the  characteristics  of  the  space- 
craft charging  phenomenon,  to  determine  the 
response  of  the  satellite  to  the  charging  pro- 


The thirteen  experiments  on  SCATHA  (see 
Table  2)  are  provided  by  Air  Force,  Navy, 
NASA,  Defense  Nuclear  Agency,  industry  and 
university  groups.  There  are  engineering 
experiments  to  measure  surface  potentials  and 
the  electrical  effects  of  spacecraft  charging  on 
satellite  surface  and  subsystems.  Environ- 
mental experiments  will  measure  the  charac- 
teristic fields  and  particle  fluxes.  An  electron 
beam  system  and  a positive  beam  system  are 
being  used  to  develop  techniques  to  actively 
control  spacecraft  charging.  The  engineering, 
environmental  and  charge  control  experiments 
were  selected  to  work  in  concert  and,  thus, 
relate  cause  and  effect  in  spacecraft  charging. 


{.  10.  SCATHA  sat  i*l  I it 
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notions  between  space  system  and  the  space 
environment  in  which  they  operate.  Program 
emphasis  will  be  to  develop  technology  sup-  * 
porting  space  systems  that  will  be  composed 
of  large  dimension  satellites  which  operate  at 
high  power  levels.  The  geophysical  environ- 
ment, including  the  upper  atmosphe re  and 
space,  is  recognized  as  a significant  com- 
ponent in  the  development  and  operation  of 
satellite  systems.  Gaps  exist,  however,  in 
the  environmental  technology  base  that  will  be 
required  to  support  the  RDTfcE  of  these  new- 
systems.  These  technology  gaps  include  know- 
ledge of  the  physical  mechanisms  which  regu- 
late the  coupling  between  the  environment  and 
the  spacecraft;  also,  knowledge  of  the  extent 
to  which  the  environment  is  impacted  by  the 
operation  of  these  spacecraft.  Research  and 
development,  addressing  these  technology  gaps, 
is  an  important  new  direction  for  environ- 
mental technology  programs. 
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IVith  the  availability  of  the  Space  Trans- 
portation System,  future  mission  satellites 
will  likely  utilize  high  power,  be  structurally 
complex,  and  perform  as  computers  in  space. 
The  space  environment  could  affect  these 
satellites  by  limiting  the  application  of  on- 
orbit  construction  techniques,  and  the  use  of 
large  space  structures;  by  limiting  the  power 
levels  obtained  from  solar  arrays;  and  by 
limiting  the  power  levels  used  in  radar  and 
communications  amplifier  tubes.  A related 
problem  area  will  be  to  identify  the  extent  to 
which  the  space  environment  itself  could  be 
modified  by  the  on-orbit  operation  of  these 
large  space  structures.  Specifically,  we  need 
to  assess  to  what  extent  the  natural  particle 
and  field  environment  could  be  modified  as  a 
large-dimension  satellite,  employing  high 
power,  orbits  the  earth.  (This  latter  problem 
area  is  the  space  equivalent  of  an  environ- 
mental impact  assessment  1.  Both  of  these 
problem  areas  will  require  major  extensions 
of  the  present  state  of  knowledge  of  the  mag- 
netospheric  plasma,  particle  and  field  environ- 
ment including  various  plasma,  particle,  and 
field  models.  Both  low  earth  orbit  (LEO)  and 
geosynchronous  earth  orbit  (GEO)  situations 
must  be  studied  in  order  to  construct  space 
environment  models  as  the  basis  for  identi- 
fy*nR»  defining,  and  physically  characterizing 
the  various  processes  and  coupling  mechanism 


Satellite  Oesicn  Guidelines  and  Test  Speci 
fic  ation 


NASA  Lev  is  Research  Center,  in  con- 
junction with  Science  Applications  Inc.  has 
completed  a comprehensive  ££vi^w  of  space- 
craft charging  investigations.  ’ This  infor- 
mation is  assembled  into  a design  guidelines 
monograph.  It  summarizes  the  current  state 
of  knowledge  of  the  techniques  that  should  be 
incorporated  to  minimize  spacecraft  charging 
effects,  our  knowledge  of  the  charging  en- 
vironment,  and  the  status  of  analytic  modeling 
of  charging. 


The  Air  Force's  Space  and  Missile  Sys- 
tems Organization  and  Science  Applications 
Inc.  have  prepared  the  baseline  document  for 
a Spacecraft  Charging  Military  Standard.1*1 
I bis  document  contains  details  of  a spacecraft 
charging  protection  program  including  elec- 
trical systems,  materials,  and  contamination 
systems  analysis  requirements;  and  systems 
test  requirements.  This  baseline  document 
will  he  formalized  into  a Military  Standard 
after  completion  of  the  analysis  and  interpre- 
tation of  the  SCATHA  data. 


SPACECRAFT  ENVIRONMENT 
IN  TER  ACTIONS  TECHNOLOGY 


A new  interdependent  technology  program 
between  the  Air  Force  and  NASA  is  just  be- 
ginning. The  program  will  address  the  inter- 


A prime  motivation  tor  the  initiation  of  this 
new.  interdependent  technology  program  is  to 
avoid  a repeat  of  the  ''spacecraft  charging  tech- 
nology gap.  ' 1 The  problem  of  spacecraft 
charging  was  unexpected  and  was  only  recog- 
nized after  numerous  satellites  were  experi- 
encing anomalies  while  stationed  on  orbi:. 

Once  the  charging  problem  was  recognized, 
then  an  intensive  R&D  program  was  initialed. 
The  lead  time  required  for  generating  space- 
craft charging  technology  is  many  years. 

Interim  engineering  fixes  for  spacecraft 
charring  have  only  been  partially  successful. 

In  FVM,  final  results  of  the  AFSC/NASA 
Spacecraft  Charging  Technology  Program  and 
the  SCATP.A  spaceflight  will  be  available  for 
application  by  the  aerospace  industry.  This  is 
a full  M3  years  after  the  problem  of  spacecraft 
charging  first  appeared.  The  Spacecraft 
Environment  Interactions  Technology  Program 
will  develop  the  now  technology  that  will  support 
the  Air  Force's  and  NASA's  full  and  cost 
effective  utilization  of  the  Space  Transportation 
System. 
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